In the last several decades, consumer demand analysis has moved toward system-wide approaches. There are now numerous algebraic specifications of demand systems, including the linear and quadratic expenditure systems, the Working model, the Rotterdam model, translog models, and the Almost Ideal Demand System (AIDS). Generally, different demand specificstions have different implications. TWO-demand systems which have become popular in agricultural economics are the Rotterdam and the AIDS. However, the assumptions used to parameterize these two systems have different implications. For example, marginal expenditure shares and Slutsky terms are assumed constants in the Rotterdam model, while they are assumed functions of budget shares in the AIDS.
Economic theory does not provide criteria to choose ex ante between these two systems; instead, researchers often rely on statistical tests and inference. When competing demand systems are nested, statistical tests (Amemiya, p. 142) can be used to choose the model which best represents the data. However, when systems are not nested, one needs an alternative testing procedure for the competing alternatives. Deaton (1978) applied a nonnested test to Jonq-Ying Lee and Mark G. Brown are research economists with the Florida Department of Citrus; James L. Seale, Jr . is an associate professor with the Food and Resource Economics Department. University of Florida.
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compare demand systems with the same dependent variables, but his test is not applicable when comparing the Rotterdam and AIDS because they have different dependent variables. Barten (1993) demonstrated that the Rotterdam and the AIDS are special cases of, and nested within, a more general demand system, and he suggested pair-wise and higher-order tests to choose which of the competing special cases (AIDS, Rotterdam, and hybrids of the AIDS and Rotterdam) best explains the data.' Lee, Brown, and Seale used the pair-wise test developed by Barten (1993) to choose between the Rotterdam and a hybrid of the Rotterdam and Working model. Alston and Chalfant also developed pair-wise tests for choosing between the Rotterdam and the AIDS. However, these studies did not utilize higher-order comparisons such as those developed by Barten (1993) .
In the present paper, we examine how income and prices influenced Taiwanese consumer demand including food during the last two decades, and particularly how demand elasticities have evolved over time. Four versions of the differential demand system examined by Barten (1993) -the Rotterdam; a differential version of the AIDS; and two mixed models, the CBS system and NBR2 system with features of both the Rotterdam and AIDS systems-are fit to the data. A general model which nests these four is developed to help choose the model which best fits the data. Finally, we discuss the behavior of Taiwanese demand elasticities over time.
The Differential Approach
The Rotterdam model, due to Barten (1964) and Theil (1965) , takes the form (with time subscripts omitted for convenience) where wi represents the average budget share of commodity i; pi and qi are the price and quantity of good i, respectively; dlog pi and dlog qi represent dpi/pi and dqi/qi, respectively; and dlogQ is an index number (Divisia volume index) for the change in real income (2) dlog Q = Ciw,dlog q,.
Demand parameters Oi and xi;are given by where m is total outlay or the budget and s, is the (i, j)th element of the Slutsky substitution matrix, parameter 8, is the marginal budget share of commodity i, and n, is a compensated price effect. The constraints of demand theory can be directly applied to the Rotterdam parameters. In particular, we have The Rotterdam is a particular parameterization of a system of differential demand equations, where demand parameters 19,' s and xij's are assumed to be constant. However, there is no strong a priori reason that the 8,'s and xij's should be held constant. An alternative parameterization is based on the Working model (7) wi = ai+ P, log m, i = 1 , 2,..., n.
As the sum of the budget shares is unity, it follows from (7) that Ca, = 1 and ZP, = 0. To deModel Choice in Consumer Analysis 505 rive the marginal shares implied by the Working model, one multiplies (7) by m and differentiates with respect to m, Hence, under this formulation the ith marginal share differs from the corresponding budget share by PI. The budget share is not constant with respect to income, and neither is the associated marginal share.
The income elasticity corresponding to (8) is
This expression indicates that a good with positive (negative) pi is a luxury (necessity). Since the budget share of a luxury increases with income (prices remaining constant), it follows from (9) that increasing income causes the qi for such a good to fall toward one and as the consumer becomes more affluent, luxury goods become less luxurious, a plausible outcome. The income elasticity of a necessity also declines with increasing income under (9) and, if pi = 0, the good is unitary elastic and the budget share will not change in response to income changes (again, prices held constant).
Replacing 8, in (I) with (8) and rearranging terms, one obtains (10) wi dlog qi = (0,+ wi) dlog Q + X j niJdlog pi where pi and nu are constant coefficients (Keller and van Driel; Theil and Clements) . Equation (10) is referred to as the CBS, following Keller and van Driel. The AIDS has the same intercept and income term as equation (7) but also includes price effects and is specified as where P is a price index defined by
The adding-up restriction requires that Z,ai= 1, Zip, = 0, provided that xj= xi.
The differential form of equation (1 I (13) so that it has the Rotterdam income coefficients but the AIDS price coefficients. Specifically, the NBR is (15) dw, + wi dlog Q Similarly, equation (15) can be rewritten as
The four models [equations (I), (lo), (13a), and (15a)l have the same left-hand side variable w,dlogqi and right-hand side variables dlogQ and dlogp,~. These models can be considered as four different ways to parameterize a general model; marginal budget shares are assumed to be constant (i.e., 8,) in the Rotterdam and the NBR but variable (i.e, PI + wi) in the AIDS and CBS. The Slutsky terms are considered to be constants (i.e., z,]) in the Rotterdam and CBS and variables [i.e., yl -w,(6, -w,)] in the AIDS and NBR. The CBS and the NBR can be considered as income-response variants of 'When one uses the D~visia price index for dlog P, equations (13) and (13a) are close approximations of the differential AIDS.
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the Rotterdam and the AIDS, respectively.
These four models are not nested but, following Barten (1993, p. 154) , a general demand system can be developed which nests all four. The general system is (16) wi dlog qi = (di + 6,w,) dlog Q + Cj[e, -6 2~, ( 6 j ,
where d, = 6,P, + (1 -6,)8, and e,. = &xi + (1 -c$)zi,; 6, and 6, are two additional parameters to be estimated. Note that (16) becomes the Rotterdam when both 6, and G, are restricted to zero, the CBS when 6, = 1 and 6, = 0, the AIDS when 6, = 1 and c$ = 1, and the NBR when 6, = 0 and 6, = 1. The demand restrictions on (16) Because (16) with its two additional parameters nests all four, it can be used as a model selection tool. For application to discrete data, the specifications are approximated by replacing w, by (wit + ~, , -~) / 2 , dlogq, by log(qi, /q,t-I), and dlogp, by log(p,,lp,,+,), where subscript t indicates time.
The likelihood ratio test (LRT) for model selection is
where 8 * is the vector of parameter estimates of either the Rotterdam, the AIDS, or their variants; 8 is the vector of parameter estimates of the general model; and log L(.) is the log value of the likelihood function (Amemiya, . For example, under the null hypothesis that the Rotterdam best describes the data, test statistic LRT has an asymptotic x2(q) distribution, in which q = 2 is the number of restrictions imposed (i.e., the degrees of freedom equal to the difference between the number of parameters in the general model and in the Rotterdam).
Data
Taiwanese household data on personal consumption during the years 1970 through 1989 were analyzed. The data were collected monthly Table 1 shows the budget or expenditure shares of the seven commodity groups for 1970, the sample mean, and 1989. The largest average expenditure share was for food (0.38) and the lowest was for medicines and medical care (0.04). In general, the group budget shares were relatively constant over the sample period except for food, education and entertainment, and transportation. The expenditure share of food decreased the most from 43.8% of total expenditures in 1970 to 29.4% in 1989: the expenditure share of transportation increased the most from 3.3% to 7.8% during the same period.
Price indices are also reported in table 1. Although all indices increased from 1970 to 1989, they increased at different rates. The miscellaneous price index almost quadrupled while ' First-order autocorrelation coefficient i~e r n d t i n d Savin) is at least twice as large as its asymptotic standard error.
those of food, clothing and other personal effects, and transportation and communication essentially tripled. The price index that increased the least was that of medicines and medical care.
Analysis and Results
Since the four competing systems (i.e., the Rotterdam, AIDS, CBS, NBR) and the general system automatically satisfy the adding-up conditions, only six equations were estimated for the seven-good systems (the miscellaneous equation was not included; see Barten, 1969) . Homogeneity, symmetry, and first-order autocorrelation (Berndt and Savin) were imposed, and the models were estimated by the maximum likelihood method. For the AIDS, NBR, and general model, the estimated first-order autocorrelation coefficient was at least two The test results show that the general system rejects the Rotterdam, CBS, and NBR. Only the AIDS is not rejected by the general system, implying the AIDS fits the data better than do the other three. Accordingly, only results based on AIDS corrected for autocorrelation are reported and discussed further in this section.
Endogeneity and Goodness of Fit
The dlog Q term and disturbance terms (EJ) used in the AIDS may not be independent of each other (Theil, 1976; Attfield) . In examining this potential endogeneity problem, the theory of random rational behavior (Theil 1975 (Theil , 1976 (Theil , 1980 Theil and Clements 1978; Duffy p. 1060 ) was invoked. Theil shows that if dlog Q is exogenous (i.e., the disturbance term is normal with zero mean and independent of dlog Q) the disturbance covariance terms are proportional to the Slutsky terms such that COV(E,E,) = an,], where a is a factor of proportionality. Using the AIDS disturbance covariance terms and the
AIDS-implied Slutsky terms [nlj = y, -wi(6,
-w,)] calculated at sample budget share means, a simple regression shows that COV(E,E,) = -0.001s (0.00S2) -0.7150 (0.0643);rrJ with R2 = 0.87, where the numbers in the parentheses are standard errors of estimates. The regression results, an insignificant intercept term and a significant negative slope term, suggest that COV(E,E~)S is proportional to the slutsky terms. Hence, treating the disturbance term as independent of dlog Q seems to be a reasonable approach for this data. Single-equation R2 statistics are not good measures of fit for demand systems (Bewley) . Therefore, the statistic suggested by Bewley, Young, and Coleman, R: = 1 -1/11 + LR/[T(n -I)] 1, was used instead, where T is the number of observations, n is the number of equations in the system, and LR is twice the difference between the log likelihood of the AIDS and the log likelihood of the same depe@ent variables regressed on the dlog Q term only.4 For the autocorrelation-corrected AIDS with homogeneity and symmetry, R f = 0.85, and indicates that the whole system explains 85% of the variation in a l l o c a t i~n .~
Parameter and Elasticity Estimates
Instead of reporting the AIDS parameters, which may be difficult to interpret directly, marginal budget shares 8,s and Slutsky terms q,s were derived using equation (14), the AIDS parameter estimates, and sample budget share 3 ). Of the thirty-five estimated Compensated Price Elasticity: marginal budget shares and Slutsky terms, only four cross-price Slutsky estimates are statistically the same as zero at a = 0.05. All seven own-price Slutsky terms are negative and sig-Note that in (19) both income and price elasnificantly different from zero, ranging from -ticities are functions of budget shares. Income 0.034 for medical services to -0.243 for food. and price elasticity estimates of the AIDS calThe seven marginal shares are positive and sig-culated at sample budget share means and 1970 nificantly different from zero, ranging from and 1989 budget shares are presented in table 4. 0.346 for food to 1.322 for housing and houseOverall, changes in income elasticities were hold.
small. Most decreased slightly from 1970 The income elasticity of each commodity through 1989; those of the clothing and housing group (q,) and the compensated price elastici-groups increased slightly. Own-price elasticity ties (q,]) are (Barten, 1993)6 estimates indicate the demands for all commodity groups became less sensitive to price, ex-(19) Income Elasticity: cept for the food group, which became more price sensitive. The inclusion of away-from-home food expenditures in the food group may help explain the relatively high income and own-price elasFor alternative formulas, see Green and Alston (1990 and . ticity estimates, derived in this study for food. Typically, food consumed at home is found to Functional Forms, Income, and Own-Price be inelastic (e.g., Theil and Clements). Food Elasticities consumed away from home, which includes food purchased at restaurants, is expected to be Although income and price elasticities vary more luxurious. The effect of increasing in-over time, demand studies frequently focus on comes would be to lower the share of at-home elasticities calculated at sample means. Howfood and raise the share of more luxurious ever, some studies have examined demand paaway-from-home food in the food category. rameters over time (Flood, Finke, and Theil; Furthermore, over the last two decades, more Seale and Theil) . For example, using Japanese Taiwanese women have worked outside their time series data from 1951 through 1972, households, increasing the chances of spending Flood, Finke, and Theil show that the behavior more on away-from-home food. The combined of the income elasticity estimate for food is effect of working women and increasing in-quite different under translog and Working comes may help explain the relatively high in-models. The translog model indicates that the come and own-price elasticities for food. income elasticity for food increased from about 0.4 to more than 0.7 over the time period studied, whereas the Working model yielded an almost equally large decline. Given that a good's income elasticity of demand is a measure of its luxury character, one might question whether the large increase in the elasticity for food implied by the translog is realistic. Elasticities implied by the Working model seem more satisfactory To demonstrate the impact of functional form on the demand elasticities, income and ownprice elasticity estimates of the Rotterdam, CBS, and NBR are shown for years 1970, 1989 , and at sample means in table 5, and can be compared to those of the AIDS reported in table 4. Income elasticity estimates from the Rotterdam and NBR are similar in size and trend, while those from the AIDS and CBS are likewise similar. For example, over the sample period, the income elasticity estimates for food demand based on the Rotterdam and the NBR increased from about 0.9 to about 1.3, while those based on the AIDS and CBS were always less than one and decreased slightly. These differences result from the two different types of marginal shares assumed in the systems-constant marginal shares in the Rotterdam and NBR but variable ones in the AIDS and CBScombined with a decreasing food budget share and increasing total income. Decreasing income elasticities of demand for food when income increases is consistent with economic expectations, making the findings based on the Rotterdam and NBR questionable.
Own-price elasticity estimates based on the Rotterdam and CBS are similar in size and trend while those based on the AIDS and NBR are similar. The elasticities based on Rotterdam-type price coefficients are generally larger and become more price sensitive over the sample period than those based on the AIDStype price parameters. Indeed, all own-price elasticity estimates based on the AIDS and NBR are unitary or less (in absolute values) while several estimates based on the Rotterdam and CBS are greater than unity.
The own-price elasticity estimates based on the general system are most similar to those of the AIDS for all categories of goods. Remember that the extra parameter a,, which is used to test the structure of the price terms, is statistically the same as unity, which is the value of 6, when the price terms follow those of the AIDS exactly. The point estimate of the general system's extra parameter a,,which tests the structure of the income term, is closer to one than zero, but it is statistically different from Model Choice in Consumer Analysis 51 I both zero and one (a= 0.05), based on asymptotic t-tests. This would explain why the income elasticity estimates of the general model, though similar to those of the AIDS, lie somewhere between those based on the Workingtype income structure and the Rotterdam-type structure.
Concluding Remarks
The Rotterdam and AIDS models have been popular demand systems in empirical work. However, the functional forms of their income and price terms differ, which causes the basic demand responses for these models to differ in important ways. It is possible to develop hybrid systems of these two models which incorporate the income terms of one and price terms of the other. Choosing among the competing models can be accomplished by higher-order comparisons with a general demand system that nest the other four. Further, elasticity behaviors and other economic criteria can be used to evaluate the systems.
In our study of Taiwanese expenditure data, higher-order comparisons with the general model led to selecting the AIDS over the other systems. This result suggests that AIDS-type income and price responses better explain Taiwanese expenditure behavior than do the other models. Barten (1993) found that, with Dutch data, AIDS-type income responses and Rotterdam price responses work better than do other combinations. In addition to a demand system selection tool, the general system which combines the features of all four systems-the AIDS, CBS, NBR, and Rotterdam-can be used as a demand system in its own right with the cost of only two additional parameters.
For this particular data, the use of a Rotterdam-type income parameter gives the questionable result that food's income elasticity has increased substantially over time, exceeding unity in a number of years, while income increased and food's budget share decreased. The increase in the number of women working outside the home and the increased likelihood of away-from-home food consumption may bring a small increase in the food income elasticity, but a large increase is inconsistent with the notion of food as a necessity. The Workingtype income elasticity parameter for food decreased slightly over time, consistent with economic expectations.
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